Abstract Presently, tibiotalar fusion remains a valid treatment option in patients affected by end-stage arthritis of the ankle that is unresponsive to other treatments. Over the years, many different surgical techniques have been described to make this kind of surgery less invasive and invalidating. Consequently, the last two decades have seen arthroscopic ankle fusion gain in popularity with many studies aiming to understand its advantages compared with open surgery, indications, and contraindications. The review of literature revealed a lower rate of complication, faster recovery, and shorter time of hospitalization with arthroscopic arthrodesis, in comparison with open surgery. These characteristics, along with a reduction of costs, will probably increase the use of arthroscopic ankle arthrodesis in the near future.
Introduction
Currently, tibiotalar fusion is a valid treatment option in young and active patients affected by end-stage arthritis of the ankle that is unresponsive to nonoperative treatment [1] [2] [3] . Since the first arthrodeses performed in the early 19th century, technological advancements and a better understanding of the ankle anatomy have brought about lessinvasive surgical procedures. Because of these improvements, many different surgical techniques have been described, starting with external fixation and culminating with internal fixation, in order to obtain better outcomes as well as to reduce invasiveness and complications. In order to accomplish this goal, in 1983, Schneider performed the first arthroscopic ankle arthrodesis [4] .
In the last two decades, arthroscopic ankle fusion has gained popularity and many studies have been carried out to understand the correct indications and real advantages, or disadvantages, compared with open surgery. Recent studies analyzed the different aspects of an arthroscopic approach in ankle arthrodesis and revealed a better pain control during the postoperative period [5] , less morbidity and a faster return to a normal life after rehabilitation [6] , and reduced costs compared with open arthrodesis [7••] . Despite these advantages, some concerns have been expressed regarding arthroscopic ankle fusion, including the ability of correcting significant angular deformities or bone loss with the arthroscopic technique. In addition, it has been shown that both arthroscopic and open ankle arthrodesis lead to early osteoarthritic changes in adjacent joints, mainly the subtalar joint [8, 9] .
The goal of this review is to analyze the surgical technique, indications, results, advantages, and disadvantages of arthroscopic tibiotalar fusion in comparison with open arthrodesis.
Indications and contraindications
Arthroscopic arthrodesis is a valuable treatment alternative to total ankle replacement for patients who have symptomatic end-stage ankle arthritis, those who are unresponsive to conservative treatment, and young or active patients.
Tibiotalar arthritis can be primary but more often is due to a post-traumatic condition [2, [10] [11] [12] [13] . Recently, Saltzman et al reviewed a group of 639 arthritic ankles and found that 445 (70 %) were post-traumatic, 76 (12 %) were associated with rheumatoid diseases, and only 46 (7 %) were idiopathic (primary osteoarthritis) [14] . This data underlines some peculiar characteristics of the patients affected by ankle arthritis and some problems that the surgeons may encounter during surgery. These difficulties include bone defects, axial deformities, previous open fractures, previous scars, and avascular necrosis of the talus. In addition, tibiotalar arthrodesis can also be indicated in failed total ankle arthroplasty and end-stage tuberculosis [15] .
Although arthroscopic ankle fusion generally produces good results, some conditions are widely considered to be contraindications, including: active infection, extensive avascular necrosis of the talus, and large bone defects [2, 16] . Myerson and Quill suggested that bone defects larger than one third of the talar dome surface represented a contraindication for arthroscopic ankle fusion [6] . Zvijac et al reported a case of failed arthroscopic ankle fusion in a patient affected by avascular necrosis involving approximately 50 % of the talus [2] . The surgeon must keep in mind that extensive bone defects could be better treated with an open procedure and bone grafting.
Lastly, arthroscopic arthrodesis has long been considered inadequate to treat severe deformities [16, 17] . Despite this belief, it is now accepted for arthroscopic fusion involving a deformity up to 15°, and some have successfully treated patients with angulations of 25°degrees or more [18, 19••] . Gougoulas et al described a series of 78 consecutive patients retrospectively reviewed to understand possible applications of arthroscopic arthrodesis in marked deformities. They divided the population into two groups: 1) patients with a minor varus/valgus deformity, and 2) patients with more than 15°deformity (maximum 45°). Time to fusion, complications, and post-operative tibiotalar axis were recorded. A high fusion rate (97 %) and correction of the malalignment were obtained with the arthroscopic technique in both low and high grade deformities [18] . Similar results were described by Dannawi et al, with no significant differences in terms of fusion rate and patient satisfaction between high and low grade deformity groups. However, time to union was longer (12.7 weeks versus 8.8 weeks, p00.001) in cases of greater deformities [19••] .
These considerations must be taken into account since most of arthritic ankles are post-traumatic, and the surgeon must often treat axial or torsional deformities deriving from fractures.
Preoperative evaluation
As previously described, pre-operative work-up for ankle arthrodesis should take into account possible axial deformities, bone defects, bone quality, condition of the skin, and underlying infections.
Inspection of the tibiotalar joint usually reveals reduced, sometimes almost abolished, range of motion; pain and swelling are common as well. During physical examination of the arthritic ankle, it is important to evaluate adjacent joints. These joints (knee, subtalar, and tarsal) need to compensate for the lack of motion due to ankle fusion and should be free from degenerative changes [20, 21] .
Some authors suggested performing a careful examination of the forefoot, which should be balanced without fixed pronation or supination. If this correction cannot be achieved, an open procedure should be performed in order to extend the arthrodesis to the forefoot joint [17] .
Weight-bearing antero-posterior, lateral, and mortise views of both ankles are required. The rearfoot alignment (Cobey/Saltzman) view is essential to evaluate the ankle joint and identify any calcaneal-to-tibial deformities [22] . In the case of diaphyseal deformities, antero-posterior and lateral views of the leg are required. Antero-posterior and lateral weight-bearing long leg x-rays are usually required to assess a malalignment involving the whole limb. In the sagittal plane, the anterior distal tibial angle (ADTA) should be measured. The ADTA is formed by the mechanical axis of the tibia and the joint orientation line of the ankle in the sagittal plane (normal values 80°±3°) [23] . An increased ADTA represents a recurvatum deformity. In the coronal plane, the lateral distal tibial angle (LDTA), the tibiotalar angle, and the calcaneal tibial alignment should be measured. The tibiotalar angle is defined by the tibial and talar articular surfaces in the ankle joint. When the tibiotalar angle is >10°, the joint is defined as incongruent (unstable) [24] . The LDTA is formed by the distal tibial articular surface and the anatomical axis of the tibia (normal values 89°± 3°) [23] . A decreased LDTA represents a varus deformity. Alternatively, the medial distal tibial angle (MDTA) can be used [25] . The calcaneal-tibial alignment (measured on the Cobey/Saltzman view) is useful to confirm any varus or valgus deformities as well as to assess every talar compensation (inversion and eversion) to an abnormal LDTA [22] . The subtalar joint can compensate 15°of eversion and 30°of inversion. Evaluation of subtalar joint compensation and range of motion is important because tibial realignment (with osteotomy or TAR) may unmask a subtalar deformity. If this distal (rearfoot) deformity is not addressed, further symptoms may develop [22] . If an abnormal ADTA or LDTA is present (sagittal or coronal deformity), the center of rotation of angulation (CORA) is measured. The CORA is the intersection of the mid-diaphyseal line and the line starting from the middle of the joint and perpendicular to the abnormal ADTA or LDTA. The CORA can be located at the joint line level (usually due to anatomical joint line malalignment or to ankle degeneration) or proximally (usually due to tibial deformities/fractures). In case of severe deformities with the CORA located proximally, a realignment proximal to the ankle joint line is required prior to fusion.
MRI and CT scans are useful when evaluating bone defects (for example, in case of necrosis of the talus or pilon fractures) and pathologies involving soft tissues.
Surgical technique
The patient is placed supine under general or spinal anesthesia. Preoperative intravenous antibiotic prophylaxis is performed (usually a second generation cephalosporin). A tourniquet is positioned around the thigh and inflated (about 300 mmHg). A bump is positioned under the thigh. Fluoroscopy must be ready to use. In most cases, a slight noninvasive traction can be applied to the foot for a better visualization of the joint. Kats et al described a double external distraction device placed medially (through the talus and tibia) and laterally (through the calcaneus and tibia) that can be made using two AO distractors, allowing for a controlled and parallel distraction of the joint. When the surfaces of tibia and talus are ready to be fused, the distraction is released and the device can be used for compression [26] . Otherwise, no distraction or noninvasive distraction can be used. During surgery, these techniques allow for joint motion (when possible), which can help increase the anterior joint space and remove the cartilage from the posterior aspect of the talus.
Arthroscopy is performed with a 2.7 or 4 mm 30°a rthroscope. Before the two standard portals (antero-medial and antero-lateral) are established, the joint is injected with 20 ml of saline solution in order to expand the joint space. The antero-medial portal, medial to the tibialis anterior tendon, is placed first. The antero-lateral portal (lateral to the extensor digitorum communis tendon) is established under direct vision. When creating the anterolateral portal, attention should be paid not to damage the superficial peroneal nerve. In skinnier patients, this can be appreciated in the subcutaneous tissue pre-operatively (with the foot inverted and the toes flexed) and marked with a surgical pen. However, both portals are performed with a skin incision and a blunt dissection of the subcutaneous tissue with a mosquito clamp or a trocar. Once the portals have been established, debridement of the soft tissues is performed with a shaver in the anterior part of the joint, and the cartilage is removed with an acromioplasty burr and curettes. In some cases, resection of anterior tibiotalar osteophytes is required to access the joint better. The medial malleolus articular surface is removed as well. Some authors prefer not to extend the fusion to the talofibular aspect of the joint and perform a simple shaving of the lateral gutter in order to allow apposition of the tibiotalar surfaces [17] . The tourniquet can be let down in order to evaluate bleeding from the tibial and talar surface.
Once an accurate preparation is completed and adequate bleeding obtained, the traction is released and the ankle is realigned. Allogeneic bone paste can be inserted though an arthroscopic cannula to increase the healing potential. Fixation is achieved with internal fixation. Two or three cannulated, interfragmental compression percutaneous screws (diameter 6.5 mm) are placed under image intensifier control. Position of the screws may vary according to the surgeon's preference. The foot and ankle are held in neutral dorsiflexion, with 0°to 5°hindfoot valgus and external rotation equal to the opposite side. If the opposite side is abnormal, then the operated ankle is positioned in 5°to 10°o f external rotation [2, 17] . Crossed transverse configuration, as well as a parallel-almost longitudinal-positioning of the screws, must lead to a satisfactory primary stability (Fig. 1) [2, 17] . The incisions are then closed with simple sutures. 
Post-operative care
The patient can be discharged and sent home the day of surgery or the day after. After surgery, a complete belowknee cast is applied, and the patient is kept non-weightbearing for 6-7 weeks. Then, a removable boot is applied, and the patient is allowed full weight-bearing for a final 4 week period. At 12 weeks after surgery, if clinical and radiological signs of fusion are present, the patient can return to full daily activities [7••, 17, 27] .
Results
The rate of fusion should be considered the main parameter to evaluate when reviewing the results of ankle arthrodesis. Union can be defined as a clinically stable ankle, painless at palpation and weight-bearing, with radiographic evidence of bridging trabeculae without failure of internal fixation or loss of correction [28] . The literature reported a mean time to union of 12 weeks after surgery (ranging from 6 to 40) [17, 29, 30] , with a union rate ranging from 85 % to 97 % [17, 18, 19••, 29-31] . Although a shorter time to union is usually described in the literature for arthroscopic ankle arthrodesis compared with open surgery [6, 17, 31, 32] [17, 18, 30] . Other studies also reported good to excellent results in 86-95 % of the patients treated arthroscopically [5, 6] . Haddad et al carried out a systematic review of the literature about long-term outcomes of open ankle arthrodesis [3] . They identified 39 primary studies that evaluated ankle fusion in a total of 1262 patients. The mean AOFAS (American Orthopaedic Foot and Ankle Society) AnkleHindfoot score was 75.6 points. The meta-analytic mean results were excellent in 31 % of the patients, good in 37 %, fair in 13 %, and poor in 24 %. Even if there is no evidence of superiority of one technique over another, the review of the literature seems to indicate better outcomes with arthroscopic fusion.
In addition, arthroscopic ankle fusion seems to have a lower rate of complications.
Since union is the first goal of ankle fusion, non-union should be considered the main undesirable complication. Up-to-date arthroscopic fusion reported a nonunion rate ranging from 3 % to 15 % [17, 18, 19••, 29-31] compared with 7.4 % to 12.1 of the open procedure [3] . Commonly reported risk factors for non-union are poor bone quality, massive bone defect, and inherent positional ankle deformity [2, 31] . Controversies exist regarding body mass index and cigarette smoke as risk factors. No association between age, diabetes mellitus, peripheral neuropathy, and nonunion has been found [17, 31, 33, 34] . No advantages were shown by the addition of demineralized bone matrix or platelet rich plasma [31] .
Other complications that may occur after arthroscopic ankle fusion are prominence of screws that requires hardware removal (18.6-31 %), deep infection (0.85 %), superficial infection (2.5 %), deep venous thrombosis, and revision surgery due to malalignment (0.85 %) [17, 30] .
With regard to early onset of osteoarthritis in adjacent joints, subtalar degenerative changes are often described in patients with ankle fusion [1, 8, 9, 17, 18] . Although some authors described a 6.8 % incidence of subsequent subtalar or talonavicular fusion [1, 17] , most of the patients seem to be satisfied with ankle fusion without the need for further surgeries [8, 9] .
Cost benefits with regards to arthroscopic ankle arthrodesis have been proven to be less expensive with the open procedure [7••, 35] . There is in fact a statistically significant difference between an outpatient procedure that requires shorter hospital stay (0-1 day for arthroscopic fusion) and an inpatient procedure (mean 3.5 days for open fusion) [5, 7••] .
It should also be mentioned that, with the improvement of total ankle arthroplasty, the controversy between fusion and replacement in young patients is still debated, but this was not one of the goals of the present review.
Conclusion
With correct indications and accurate surgical techniques, arthroscopic ankle arthrodesis yields satisfactory results. The possibility to treat ankles with marked deformity successfully, along with a slightly shorter time to union, reduced complication rates, and clear cost benefits compared with open surgery, makes arthroscopic ankle fusion a safe and reliable technique. Arthroscopic ankle arthrodesis is still not widely performed due to the excellent results of the open technique. However, in the last two decades, the popularity of this technique has been increasing due to the previouslymentioned advantages.
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